Objective The novel anthracycline agent amrubicin, has been approved in Japan to treat small and nonsmall cell lung cancers (SCLC and NSCLC). The present study evaluates the toxicity and effect of amrubicin especially in elderly patients with previously treated lung cancer.
Introduction
Amrubicin is a synthetic anthracycline anticancer drug and a potent topoisomerase II inhibitor (1) . Its antitumor effects are thought to be derived from a metabolic reduction in tumor cells and conversion to the active metabolic amrubicinol, which more potently inhibits cell growth by about 200-fold compared to the parent compound (1) . Amrubicin has more potent antitumor effects in vivo, with less cardio-, hepato-and nephrotoxicity than other anthracycline antican-monotherapy in previously treated lung cancer patients has been determined, the dose of amrubicin in such patients must be reduced (3, (5) (6) (7) .
Meanwhile, the risk of lung cancer clearly increases with advancing age and about 40% of patients are aged 70 years or older (8) . Moreover, elderly patients tend to have poor tolerance to chemotherapy, and thus need to be managed based on individual parameters such as performance status, extent of metastatic disease, quality of life and laboratory data (9) (10) (11) . Whether or not standard chemotherapy in elderly patients is always safe for use in clinical practice is unclear (12) .
The toxicity and effect of amrubicin monotherapy in elderly patients who have been previously treated for lung cancer has not been fully evaluated. We therefore retrospectively assessed the safety and value of amrubicin among elderly patients who had previously been treated for lung cancer.
Patients and Methods

Patient selection
We retrospectively reviewed all patients who had been previously treated for lung cancer and who received amrubicin monotherapy (30-40 mg/m 2 /day) after one or more chemotherapy regimens between July 2003 and October 2009 at Nagoya City University Hospital. All of the patients who received amrubicin monotherapy met the following criteria: histologically and/or cytologically proven NSCLC or SCLC; performance status (PS) 0-3 on the Eastern Cooperative Oncology Group scale; adequate bone marrow reserve (white blood cell count "3,000/mm 3 , absolute neutrophil count " 1,500/mm 3 , platelet count "100,000/mm 3 ); normal liver function (total serum bilirubin !1.5 mg/dL, and aspartate transaminase, alanine transaminase less than twice the upper limit of the normal range); normal renal function (serum creatinine !1.5 mg/dL); normal cardiac function (left ventricular ejection fraction "50%) and no pulmonary fibrosis/ interstitial pneumonia. The patients were then assigned to younger (age <70 years) or elderly (age "70 years) groups.
Treatment methods
Amrubicin (30-40 mg/m 2 ) was administered intravenously as a 5-min infusion in normal saline on days 1-3. All courses were repeated at intervals of at least 3 weeks or longer. Each treatment was repeated until disease progression became obvious, the patient refused to proceed, or toxicity became intolerable. Patients were required to have a white blood cell count of "3,000/mm 3 , and a platelet count of "100,000/mm 3 without any non-hematologic toxicities of grade 2 or worse to start the next course. The patients were premedicated with corticosteroid and administered with an antiemetic 5-HT3 antagonist. Granulocyte colony-stimulating factor was permitted as a therapeutic intervention for neutropenia but not as prophylaxis. Subsequent doses were modified based on hematological and non-hematological toxicities. If grade 4 neutropenia persisted for 4 days, febrile neutropenia, grade 4 thrombocytopenia or grade 3 or worse non-hematological toxicities arose, the amrubicin dosage was reduced at the discretion of the physician in charge.
Evaluation of response and toxicity
Tumor responses were classified according to the Response Evaluation Criteria for Solid tumors. The patients were evaluated to determine the stage of their disease before starting treatment and at the time of determination of disease progression or relapse, by complete medical history and physical examination, chest X-ray, computed tomography (CT) of the chest and abdomen, CT or magnetic resonance imaging (MRI) of the head, and positron-emission tomography (PET). Enrolled patients with SCLC were stratified by type of relapse: refractory relapse, defined as relapse during the first-line chemotherapy or within 90 days after the completion of first-line chemotherapy, and sensitive relapse, defined as relapse "90 days after the completion of first-line chemotherapy. Toxicities were assessed according to the Common Terminology Criteria for Adverse Events (CTCAE) version 3.0.
Statistical analysis
Primary end-points of this study were toxicity analysis and response rate, and secondary end points were progression-free survival (PFS) and overall survival (OS). Baseline characteristics, response and toxicity rates between the two groups were compared by Fisher's exact test. Survival time was compared between the two groups using the log-rank test. The mean number of treatment cycles, mean dose of amrubicin and mean interval of amrubicin administration were compared between the two groups using the two-tailed Student's t-test. Overall survival was calculated from the date of the first cycle of amrubicin monotherapy to the date of death from any cause or the last follow up. Progression-free survival was calculated from the date of the first cycle of amrubicin monotherapy to the date of disease progression, recurrence, or death from any cause. Probability values of <0.05 were considered significant.
Results
Patients characteristics and treatment
We enrolled 51 patients (NSCLC n=21; SCLC, n=30) between July 2003 and October 2009. The clinical characteristics of the patients are listed in Table 1 . Among the 21 patients with NSCLC, 16 (76.2%) were <70 years of age, (median, 63.5 years; range, 39-69 years), and 5 (23.8%) were "70 years (median, 71 years; range, 71-75 years). Of the 30 patients with SCLC, 13 (43.3%) were <70 years of age (median, was 64 years; range, 51-67 years) and 17 (56.7%) were "70 years, (median, 74 years; range, 70-80 years). The male to female ratio, PS, histology, clinical stage and 
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Di s e a s e , E D: E x t e n s i v e Di s e a s e number of prior regimens did not significantly differ between the two age groups. Of 30 patients with SCLC, type of relapse was as follows: 11 (36.7%) were sensitive relapse, and 19 (63.3%) were refractory relapse. The type of relapse did not significantly differ between the two groups.
Toxicity
Toxicity was evaluated in all treated patients. Overall, 134 courses were administered to 51 (29 younger and 22 elderly) patients. The overall mean number of treatment cycles was 2.63, the mean dose of amrubicin was 36.00 mg/m 2 /day, and the mean interval between amrubicin doses was 30.92 days. Mean numbers of treatment cycles (2.83 and 2.36 for age <70 and !70 years, respectively; p=0.417), mean doses of amrubicin (37.35 vs. 35.87 mg/m 2 /day; p=0.062) and mean interval of administration (30.49 vs. 31.67 days; p= 0.552) did not significantly differ between the two age groups ( Table 2 ). The hematological toxicity is summarized in Table 3 and shows that the incidence of grade 3 or 4 hematological toxicity did not differ between the younger and older groups (leukopenia, 48.3% and 59.1% for age <70 and !70 years, p=0.573; neutropenia, 65.5% vs. 77.3%, p= 0.536; anemia, 20.7% vs. 22.7%, p=1.000; thrombocytopenia, 13.8% vs. 31.8%, p=0.173; febrile neutropenia, 20.7% vs. 22.7%, p=1.000). The non-hematological toxicity is summarized in Table 4 . The incidence of grade 3 or 4 non-hematological toxicity was very low, and mostly mild or moderate and reversible. One patient in the elderly group developed acute myocardial infarction. The rate of grade 2-4 non-hematological toxicity did not significantly differ between the two age groups.
Response to therapy and survival
The objective tumor responses of the two age groups are shown in Table 5 . Among the 21 patients with NSCLC, the disease control rate (rates of patients who achieved complete or partial responses or stable disease), median PFS, and median survival time (MST) were 61.9%, 49 and 304 days, respectively. Only one younger patient with NSCLC achieved a partial response. Of the 30 patients with SCLC, the response rate (rate of patients who achieved a complete or partial response), median PFS, and MST were 53.3%, 86 days and 301 days, respectively. The response rates for patients with chemotherapy-sensitive and -refractory relapse SCLC were 54.5% and 47.4%, respectively. Among 21 patients with NSCLC, the median values in the younger and elderly groups for PFS were 49.5 and 48.0 days, respectively, and for MST were 180 and 401 days, respectively. Among 30 patients with SCLC, the median values in the younger and elderly groups for PFS were 166 and 61 days, NS CL C: No n -s ma l l Ce l l L u n g Ca n c e r , S CL C: S ma l l Ce l l L u n g Ca n c e r , CR: Co mp l e t e Re s p o n s e , P R: P a r t i a l Res p o n s e , S D: S t a b l e Di s e a s e , P D: P r o g r e s s i v e Di s e a s e . * F i s h e r ' s E x a c t T e s t .
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respectively, and for MST were 340 and 279 days, respectively. The response rates of SCLC (61.5% and 47.1%, p= 0.484), and the disease control rates of NSCLC (68.8% vs. 40%, p=0.325) did not significantly differ between the two groups. Neither PFS nor OS significantly differed between the younger and elderly patients with NSCLC (PFS, p= 0.563; OS, p=0.499). However, PFS and OS statistically differed in both of the age groups with SCLC (PFS, p=0.039; OS, p=0.015).
Discussion
This study retrospectively analyzed the effect and safety of amrubicin monotherapy in patients with recurrent or refractory lung cancer who received amrubicin after previous chemotherapy. Amrubicin toxicity was acceptable for elderly patients with previously treated lung cancer.
The number of elderly patients with lung cancer will likely increase with the rapidly growing geriatric population (13, 14) . Elderly patients with good PS and normal organ functions tend to be treated with regimens similar to those of younger patients, but some reports suggest that elderly patients even with good PS and normal organ functions might be at greater risk of severe toxicity than younger patients (11, 15, 16) . Therefore, elderly patients with NSCLC were much less likely to receive chemotherapy, and more likely to receive non-platinum chemotherapy regimens (11) . Similarly, non-cisplatin regimens such as carboplatin and etoposide combination become one of the standard chemotherapy regimens for elderly patients with SCLC (17) . Furthermore, treatment options for elderly patients with recurrent or refractory lung cancer remain limited. Amrubicin is often administered to patients with refractory or recurrent lung cancer, but whether amrubicin monotherapy for elderly patients with previously treated lung cancer is clinically safe has not been demonstrated. This is the first analysis of the safety and benefit of amrubicin for elderly patients with previously treated lung cancer.
Some recent reports have indicated that amrubicin monotherapy is an active agent for the treatment of refractory or relapsed SCLC, with manageable toxicities (6, 7) . In addition, some authors have described positive effects and acceptable toxicity of amrubicin monotherapy in previously treated patients with NSCLC (3, 5) . Amrubicin as a single agent was approved at a dosage of 45 mg/m 2 /day in chemotherapy-naïve patients with lung cancer. However, a reduced dose is administered to previously treated patients due to hematological toxicity. Reported studies recommend an amrubicin dose of 35 mg/m 2 /day in patients with previously treated lung cancer (2, 3, 18) . We administered younger and elderly patients with mean amrubicin doses of 37.35 and 35.87 mg/m 2 /day, respectively, which we consider is acceptable.
The toxicity profile of amrubicin in the present study was reasonable, in accordance with a previous study that noted myelosuppression as the major toxic effect (1-7) . Meanwhile, non-hematological types of toxicity were generally mild, and tended to be similar. The frequency of grades 3 and 4 leukopenia, neutropenia, anemia, thrombocytopenia, febrile neutropenia and grades 2-4 non-hematological toxicity did not significantly differ between the two age groups. The incidence of fatal toxicity was rare, and almost all types of toxicity should be manageable in both age groups. These findings suggest that the toxicity profile of amrubicin 30-40 mg/m 2 /day is acceptable for elderly patients with previously treated lung cancer. Only one patient who had a history of cerebral infarction in the elderly group developed acute myocardial infarction on day 30 of the chemotherapy, and we decided to discontinue the amrubicin monotherapy of that patient. Although amrubicin is classified as anthracycline, myocardial toxicity has not been reported in previous clinical trials. It is unclear whether acute myocardial infarction noted in that patient was a result of amrubicin monotherapy, but careful consideration may be needed when amrubicin is given to elderly patients with a risk of cardiovascular event.
In the present study, the response rates of SCLC (53.3%) and the disease control rate of NSCLC (61.9%) for amrubicin monotherapy were similar to those reported by others (SCLC response rates, 38.0-53.1%; NSCLC control rate 33.3-62.2%) (1-7). Moreover, regarding the response rate for patients with chemotherapy-sensitive and -refractory relapse SCLC (54.5% and 47.4%, respectively), the result of our study was reasonable in accordance with previous studies (2, 6, 7) . The response rate of SCLC and disease control rate of NSCLC did not significantly differ between the two age groups, indicating that amrubicin monotherapy is equally effective in elderly and younger patients. However, only one patient with NSCLC achieved a partial response, so amrubicin monotherapy did not seem to confer an obvious benefit for patients with NSCLC. Furthermore, six elderly patients with SCLC showed a progressive disease (PD), but none of the younger patients with SCLC showed a PD. Neither PFS nor OS significantly differed between the two age groups with NSCLC, but both were shorter in the elderly than in the younger group of SCLC patients. Because this study of a small sample of patients was based on clinical data from a single facility, larger prospective trials of elderly patients with recurrent or refractory lung cancer treated with amrubicin monotherapy should be conducted to determine the true response and survival.
In conclusion, amrubicin monotherapy might be an active and tolerable regimen for elderly patients with previously treated lung cancer. The information presented herein might provide a new direction for clinical research on the treatment of elderly patients with lung cancer after one or more chemotherapy regimens.
